This paper aims to propose a decision support system (DSS) for evaluating the climate change impacts on water supply-demand and inundation; and assessing the risks for water shortage and inundation under future scenarios. The proposed DSS framework is universal and flexible, which comprises five modules integrated by a geographic information system platform, including the modules of (1) scenario rainfall and temperature projection under climate change, (2) impact assessment of water supply-demand, (3) impact assessment of inundation, (4) assessment of vulnerability and risk, and (5) adaptation strategy. A case study in southern Taiwan was performed to demonstrate how the DSS provides information on the climate change impacts and risks under future scenarios. The information is beneficial to the authorities of water resources management for understanding the spatial risks for water shortage and inundation, and planning suitable adaptation strategies for the locations with larger risks.
INTRODUCTION
Climate change is one of the major environmental issues for the coming years, both globally and regionally, and will affect all segments and sectors of society and the economy. constructing a database which includes adaptation strategies for preventing water shortage and inundation, (5) integrating all the former models, methods and database into a DSS with a geographic information system (GIS) interface, and (6) performing a case study to show how the DSS works and provides the information about climate change impacts on water supply-demand and inundation, and risks for water shortage and inundation under future scenarios. At present, the proposed DDS is designed to provide information on the impacts on water supply-demand and inundation, and the vulnerability and risk maps, which supports the consultative type of decisions. Based on the DSS results, the administrators may consider the locations with larger risks in priority for planning suitable adaptation strategies to reduce the risks for water shortage and inundation.
The proposed DSS framework and the implementation results in the study area are introduced in this paper.
This paper is organized under two main topics. The first topic describes how the DSS is developed in the section 'The proposed approach', including a general overview of its main structure, procedures, components, and models. The second topic described in the section 'Case study' is the preliminary application of the DSS for a study area in southern Taiwan, which briefly introduces the study area and results of system performance. The conclusions and future work are finally presented.
THE PROPOSED APPROACH
In this paper, DSS is the proposed approach to address the issues of evaluating climate change impacts on water supply-demand and inundation, assessing risks for water shortage and inundation under future scenarios, and supporting decision makers (i.e. the authorities of water resources management) to plan suitable adaptation strategies for the locations with larger risks. The DSS constitutes a structured and instructive tool to help decision makers understand the spatial risks for water shortage and inundation in a study area and plan suitable adaptation strategies for the locations with larger risks. In order to describe the process of developing this approach, it is helpful to understand the main steps of the decision making process related to the exercise of developing suitable adaptation strategies for reducing the risks for water shortage and inundation.
Main steps of decision making process
The process for supporting strategy development is shown in Figure 1 . This process is organized into seven basic steps.
Step 1 is to obtain the precipitation and temperature data of climate change scenario in a study area as the system input.
Step 2 is to assess the impacts on water supplydemand and inundation in the study area. Given a climate change scenario, the precipitation and temperature data of climate change scenario are obtained and imported into the DSS, and then the impacts on water supply-demand and inundation are simulated. According to the impacts, simulation (i.e. potential hazards) by Step 2, Step 3 is to assess the vulnerabilities and risks for water shortage and inundation in the study area.
Step 4 is to develop adaptation strategies for reducing the risks and
Step 5 is to compare the performances of the adaptation strategies before and after adjustment. Based on the adaptation strategies by Step 4, impacts simulation (i.e.
Step 2) and vulnerability and risk assessment (i.e.
Step 3) should be performed again to see whether the adaptation strategies benefit reducing the risks or not (i.e.
Step 5). If not, Step 6 is to adjust the adaptation strategies and then do impacts simulation (i.e.
Step 2), vulnerability and risk assessment (i.e.
Step 3), and compare the performances of the adaptation strategies before and after adjustment (i.e.
Step 5) again. If yes, Step 7 is to make the action plan based on the adjusted adaptation strategies.
After considering the main steps of the former decision making process, the DSS procedures and structure are shown in Figure 2 . The proposed DSS can be used to evaluate the climate change impacts on water supply-demand and inundation, and assess the vulnerabilities and risks for water shortage and inundation under different scenarios and adaptation strategies. All the information, especially the vulnerability and risk maps, provided by the DSS can help the decision makers to develop the suitable adaptation strategies for disaster prevention. The DSS comprising of five modules integrated by a GIS platform is presented, followed by a description of its structure, procedures, components, as well as the models included in the modules.
DSS structure and procedures
The DSS is structured using ESRI ArcGIS, Ventana Vensim, Step 3 are investigated and stored in the database.
Step 4 and
Step 6 are to develop and adjust adaptation strategies, respectively. The adaptation strategies are stored in the strategy database (i.e. Module 5) constructed by SQL Server.
Step 5 is for comparing the performances of the adaptation strategies before and after adjustment, which is coded and embedded in the GIS platform. The platform is supported by MapGuide, which integrates all the database and models, and has a user-friendly interface for operating the DSS and displaying the results of impact assessment, the vulnerability and risk maps during the baseline period and the future period under the emission scenarios for decision support.
Step 7 is to make the action plan based on the adjusted adaptation strategies, which belongs to an ill structured task excluded in the DSS.
DSS components
The main components of the DSS are a database, five modules, and a GIS platform with a user-friendly interface. A description of the data base, the five modules, the GIS platform, as well as the models packed in the modules, follows.
Database
The database provides the input data to the models of the DSS. The input data include observed rainfall, runoff, temperature, sea-level, surge, groundwater, land subsidence, water use, etc. rainfall-runoff model. Simulated reservoir inflows are further input into the system dynamic model for modeling the water supply-demand situation. Based on the generated daily rainfalls, the frequency analysis is performed to obtain 1-day and 2-day maximum rainfalls for different return periods (e.g. 25, 50, 100, 200 years), which are hourly distributed by the design hyetographs as the input for assessing impacts on inundation. In the frequency analysis, different probability distributions (including extreme value type-I, generalized extreme value, Pearson type-III, log-Pearson type-III, three-parameter log-normal) are used to fit the annual maximum series of the generated daily rainfalls, and the optimal probability distribution is decided based on the Kolmogorov-Smirnov test and the smallest root mean square error.
Module 2: impact assessment on water supply-demand 
In the study, the risk which simultaneously considers agricultural, industrial, and household water shortages is defined as follows:
where R ws is the risk of water shortage; H ws is the multiple hazard factor of water shortage comprising three hazard factors (H aws , H iws , and H hws ) which are defined as the rates (0-100%) of water shortage (i.e. the shortage amount divided by the demand amount) for agricultural, industrial, and household water consumptions, respectively; V ws is the multiple vulnerability factor of water shortage comprising three vulnerability factors, V aws , V iws , and V hws , respectively, for agricultural, industrial, and household water shortages;
and w denotes weight. The three vulnerability factors, V aws , V iws , and V hws , are further defined as follows:
where V aws1 and V aws2 are factors of vulnerability of agricultural water shortage (i.e., the agricultural area and the irrigation rate defined by the agricultural area per unit discharge, respectively); V iws1 , V iws2 , and V iws3 are factors of vulnerability of industrial water shortage (i.e. the water consumption per unit area, the number of factory, and industrial output value, respectively); V hws1 , V hws2 , and V hws3 are factors of vulnerability of household water shortage (i.e. the daily available water per capita, the number of population per unit area, and the number of population, respectively);
and w denotes weight. Table 1 shows the list of the hazard and vulnerability factors for estimating the risk of water shortage.
Four risks for inundation are considered in the study, including the risks of life, industry, agriculture and commerce (i.e. R lf , R if , R af , and R cf , respectively). They are defined as follows:
where H f is the inundation depth, which is defined as the hazard factor for life, industry, agriculture and commerce;
V lf1 and V lf2 are factors of vulnerability of life (i.e. the whole population in an analysis unit and the number of elderly citizens, children and disabled people in an analysis unit, respectively); V if is the vulnerability factor of industry and is defined as the ratio of the industrial area to the area of analysis unit; V af is the vulnerability factor of agriculture and is defined as the ratio of the agricultural area to the area • The number of population of analysis unit; and V cf is the vulnerability factor of commerce and is defined as the ratio of the commercial area to the area of analysis unit. Table 2 shows the list of the hazard and vulnerability factors for estimating the risks for inundation.
The module uses the concept of relative risk (i.e. the risk value by the cross analysis of risk matrix) proposed by Anbalagan & Singh () to calculate the degree of risk. Based on the risk matrix, the risk level can be decided for each analysis unit and the risk maps in the study area can be plotted.
Module 5: adaptation strategy
The module comprises a database which includes adaptation strategies for reducing the risks for water shortage and inundation. Based on the database, the module can drive Modules 1-4 to carry out the risk assessment for different adaptation strategies to understand their performances of risk reduction.
GIS platform
The platform integrates the former five modules and has a user-friendly interface for controlling all the module functions and displaying results of impact assessment and maps of vulnerability and risk under different scenarios.
Moreover, the impact assessment for different adaptation strategies can be performed on the platform, which can support the authorities of water resources management to develop suitable adaptation strategies.
CASE STUDY
A case study was performed by the proposed DSS for simulations of climate change impacts in a study area in southern Taiwan The former simulation areas for assessing the climate change impacts on water supply-demand have two main reservoirs for supplying surface water, that is, Tsengwen
Reservoir and Nanhua Reservoir, as shown in Figure 3 . For each grid node and each month, the mean change rate and its standard deviation of monthly rainfall of the 24
GCMs, and the mean change rate of monthly mean temperature of the 24 GCMs were calculated. The CIC for evaluating the impact on water supply-demand (denoted as CIC-1) is that the mean change rate of monthly rainfall subtracts a standard deviation for each month. This CIC-1 is worse than the mean condition of the 24 GCMs. The other CIC for evaluating the impact on inundation (denoted as CIC-2) is that the mean change rate adds a standard deviation for each month during the May-October wet season and the mean change rate subtracts a standard deviation for each month during the November-April dry season.
The CIC-2 hypothesized condition, i.e. larger rainfall during the wet season and less rainfall during the dry season, makes it more temporally heterogeneous than the mean condition of the 24 GCMs.
The change rates of monthly rainfall at a raingauge were determined by the change rates of the grid node closest to the raingauge. Therefore, the change rates of monthly rainfall for all the raingauges in the study area were decided.
Using the observed monthly rainfalls during the baseline period and the change rates of monthly rainfall for the two CICs, a first-order two-state Markov chain for wet/dry day transition and the probabilistic distribution of rainfall depth on a wet day were performed to transform the monthly rainfalls into the daily rainfalls at each raingauge for the future period as the system input. The change rates of monthly mean temperature at a meteorological station were determined by the change rates of the grid node closest to the meteorological station. Based on the mean change rates of monthly mean temperature and the observed monthly mean temperatures during the baseline period, the daily temperatures at each meteorological station for the future period were generated by using a first-order autoregressive equation.
After the former weather generation model was run, two sets of 200-year daily rainfalls and daily temperatures for CIC-1 and CIC-2, respectively, were generated for further impact analysis on water supply-demand and inundation. Equal weights were considered in the study for Equations (4)- (7). After the values of the multiple vulnerability factors in Equation (4) for each district were calculated, the vulnerability map for water shortage in the study area was plotted. The risk matrix of water shortage (5 × 5 matrix in Table 3 ) was established based on the classified levels of the multiple hazard factor and the multiple vulnerability factor. For the risk matrix, five levels of risk (i.e. very low, low, middle, high, and very high) were defined and the risk level for each element of matrix was decided. Based on the risk matrix, the risk levels of water shortages were decided for each district and the risk map of water shortages was plotted. Figure 12 illustrates the risk map for water shortage in the study area. From this risk map, the risk level of water shortage for each district can be seen. 
Vulnerability and risk assessment for inundation
After Module 3 performed impact assessment on inundation, Module 4 started up to perform assessment of vulnerability and risk for inundation. Four risks for inundation were considered in the case study, including the risks of life, industry, agriculture and commerce, as defined in
Equations (8)- (11), respectively. Herein, the analysis unit adopts 'village' which is the basic unit for city administration and is smaller than 'district' in Taiwan. The hazard factor for life, industry, agriculture and commerce is defined as the inundation depth, which was calculated from the former inundation simulation in Figure 8 . In this case study, four levels of inundation depth were used for assessing the risk of life. They are 0.0-0.3, 0.3-1.5, 1.5-3.0 and above 3.0 m, respectively. Three levels of inundation depth were used for assessing the risk of agriculture, industry and commerce, which are 0.0-0.5, 0.5-1.5, and above 1.5 m, respectively.
The vulnerability of life in Equation (8) was classified to five levels according to the summation of the former two factors. The five levels are 0-600, 600-2400, 2400-4200, 4200-6000, and above 6000, respectively. The vulnerability factors in Equations (9)- (11) for industry, agriculture and commerce, respectively, were then standardized to the range of 0-100% for classification. Four levels were classified as 0-25, 25-50, 50-75, and 75-100% for the vulnerability of -20, 20-40, 40-60, 60-80 and 80-100%. According to the classified levels of hazard factor and vulnerability factors of life, industry, agriculture and commerce, four risk matrixes of life (4 × 5 matrix in Table 4 ), agriculture (3 × 5 matrix in Table 5 ), industry (3 × 4 matrix in Table 6 ) and commerce (3 × 4 matrix in Table 6 ) were made. For the risk matrix of life, five levels of risk (i.e. very low, low, middle, middle-high, and high) were defined and the risk level for each element of matrix was decided. For the risk matrixes of agriculture, industry and commerce, three levels of risk (low, middle, and high) were defined and the risk level for each element of matrix was decided.
Based on these four risk matrixes, the risk levels of life, agriculture, industry and commerce were decided for each village and the risk maps of life, agriculture, industry and commerce in the study area were plotted as shown in Figure 13 . From these risk maps for inundation, the risk levels of life, industry, agriculture and commerce for each village can be seen. 
CONCLUSIONS AND FUTURE STUDIES
Since assessing the risks for water shortage and inundation under future scenarios is a large and essential issue, In the case study, the projections of monthly rainfall and monthly mean temperature from 24 GCMs under A1B emission scenario were used and the multi-model ensemble approach was adopted to hypothesize two CICs for evaluating the climate change impacts on water supply-demand and inundation, respectively. The DSS used them to generate the daily rainfall and temperature data, and performed the frequency analysis for assessing impacts on water supply-demand and inundation, respectively.
The results of impact assessment on water supplydemand reveal that water shortages (including the duration and magnitude) of agriculture, industry, and household will increase. From the results of impact assessment on inundation, it is found that the area and amount of inundation caused by 1-day maximum rainfalls for the 100-year return period under the A1B emission scenario will be larger than the area and amount during the baseline period.
After these impact assessments, the vulnerability and risk assessments for water shortage and inundation were performed. The vulnerability and risk maps were plotted by the DSS. From the risk maps, the risk levels of water shortage and inundation for each analysis unit can be seen. The 
